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EXECUTIVE SUMMARY

Motorola actively supports the Commission's overall goal of

maximizing spectrum efficiency, but has serious concerns about a

number of the specific aspects of the instant Notice of Proposed

Rulemakinq. The migration plan and power reductions as proposed

in the Notice of Proposed Rulemaking are especially troubling.

In addition, Motorola believes the emission masks and frequency

stability proposed are much more restrictive than necessary, and

would unduly limit a users' choice of products. Finally,

Motorola believes interspersing private carriers into the 150-174

MHz band as proposed in the "innovator block" concept is ill

advised from both a policy and technical perspective. In these

comments, Motorola proposes an alternative migration plan and

more palatable approaches for limiting power and defining

equipment technical parameters.

The migration plan set forth in the NPRM would abruptly

shift the entire course of private land mobile regulation toward

very narrow band (VNB) technology, which has yet to be proven in

a real world environment. In fact, this same technology upon

which the Commission appears to have based its refarminq proposal

has been voluntarily allowed in the 150-174 MHz band since 1985,

but has been resoundingly rejected by private land mobile users.

Further, it is particularly ironic that the Commission has

proposed to force users to squeeze down their communications into

such minuscule bandwidths when the Administration, Congress,
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American businesses and practically the entire telecommunications

industry all recognize and support a new wireless era where users

will need access to greater amounts of information and

correspondingly greater bandwidths to stay competitive and cost­

effective. In addition, as discussed in section V, the

Commission's plan would increase interference to millions of

current users.

Motorola is at the forefront of research and development of

many new and spectrally efficient wireless technologies and

systems which our customers have chosen voluntarily, without a

government requirement to do so. For example, ASTRO digital

systems integrating voice and data on the same 12.5 kHz channel

are now being proven in the pUbic safety communications

environment. We are also developing Motorola Integrated Radio

Systems (MIRS), a time division multiple access technique

allowing six users to communicate over each 25 kHz channel.

FleetCall and other 800 MHz band SMR operators have chosen to

implement this technology. Motorola has developed NarrowAMPS

Cellular systems, which provide operators and users a three times

improvement in channel capacity compared to standard AMPS as an

interim step for operators that have not yet decided on US

Digital Cellular or code division mUltiple access (COMA).

Further, Motorola has been chosen by several cellular carriers,

including US WEST and Bell Atlantic to supply next generation

COMA systems offering capacity increases approximately ten-fold.

In addition, Motorola is a leader in state-of-the-art digital
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signal processing (DSP) semiconductor products which form the

basis for many advances in all phases of communications and

computing.

Motorola did not reach its status as a premier American

electronics company of over 100,000 employees, however, by merely

developing technology in and of itself without regard to customer

needs. Customers buy products, not technology, and are more

concerned with whether a product matches their requirements for

functionality, reliability and cost. Accordingly, choices of

technology and associated government regulations must first

recognize that the user is the customer to be satisfied.

Motorola has a long history of working together with the

wide range of private land mobile users to develop and support a

full portfolio of products responsive to their variety of needs.

As detailed in these comments, we currently offer 35 families of

products and hundreds of different radio models in the 150-174

and 450-512 MHz bands subject to refarming. In addition,

Motorola is one of numerous manufacturers working diligently in

Project 25 to assist pUblic safety and other users in defining

industry-led standards for digital private land mobile systems

meeting their operational requirements. In addition to

considering users' communications requirements as a basis for

this suite of standards, Project 25 recognizes the practicality

of implementing new digital systems into the current land mobile

environment.
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The APCO 25 spectrum Committee, after considerable analysis,

decided that 12.5 kHz digital frequency division multiple access

(FDMA) provides the best possible migration to digital technology

and its associated benefits. Further, it maintains backward

compatibility with current 25 kHz analog technology and

interoperability among Public Safety agencies and with Public

service and Federal Government agencies during and after

migration. 12.5 kHz digital FDMA, as specified by APCO 25,

likewise
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MHz bands, adjacent channel neighbors overlap each other, as

channel spacings are narrower than the equipment bandwidth.

In section VI of these comments Motorola details an

alternative migration plan to improve efficiency in the private

land mobile bands below 800 MHz. l While the details of

implementation are described more fully in that section, in

general, Motorola recommends the Commission:

• Establish 12.5 kHz as the channel width in both the VHF
and UHF bands, allowing users the flexibility to choose
routinely whether to employ 12.5 kHz digital or analog
equipment or alternatively, two 6.25 kHz subchannels or
mUltiple time slots within their assigned 12.5 kHz
channel(s) .

• Require through the type-acceptance process that
manufacturers begin populating the market with true
12.5 kHz capable equipment, ensuring a smooth migration
for users.

• Begin licensing 12.5 kHz channels for all new
authorizations issued after January 1, 1996 and provide
a 7-10 year amortization/transition period for existing
licensees to retire current systems. Users in rural
areas where little if any spectrum congestion exists
could continue using current equipment on a non­
interference basis past this amortization period.

• Defer to a subsequent rulemaking any required
conversion to channels narrower than 12.5 kHz pending
field experience in implementing very narrow band
equipment at 220 MHz.

Motorola's alternative migration plan provides a much more

graceful transition and allows users, rather than the Commission,

to choose the specific technology to employ. Unlike the plan

proposed in the NPRM, this plan is also consistent with APCO's

Based on target timelines stated by the Private Radio
Bureau representatives, Motorola has assumed the Commission's
Refarming Report and Order would have an effective date on or
about January 1, 1994.
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Project 25 defining standards which industry can use to usher in

digital private land mobile systems. In addition, our plan

allows the Commission to raise the status of low power operations

on a portion of the UHF offset channels and to begin using the

remaining offset channels for full power operation. Notably,

market trends show an increasing demand for low cost

portable-to-portable operation which can be met with 12.5 kHz

equipment.

While there are many theoretical claims concerning very

narrow band 5 kHz and 6.25 kHz equipment, there is simply too

little experience at this stage and users have too much at stake

to warrant revamping the entire private land mobile regulatory

structure around very narrow band channels.
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I. OVERVIEW

Motorola appreciates the opportunity to participate in what

is the most significant regulatory proceedings affecting the

private land mobile radio services in the past 20 years. By

proposing to "refarm" the private land mobile spectrum, the

commission is apparently convinced that without major regulatory

changes service quality in the private land mobile services will

deteriorate to levels unacceptable to the needs of the user

community.

Motorola is not convinced that a major overhaul of these

services is necessary at this time. certainly, draconian

measures that impose huge costs on users would not serve the

pUblic interest. Nor would regulatory policies that limit the

ability of manufacturers to offer a complete line of products

intended to serve the wide-ranging needs of a diverse user

community. Nonetheless, Motorola does support a structured

approach to refarming that minimizes such negative outcomes but

improves spectrum availability for new users.

To this end, successful refarming and the corresponding

choice of the most appropriate spectrum efficient technologies

requires a thorough understanding of:

• The spectrum configuration of the bands under
consideration (~ channelization, coordination,
license restrictions, etc.)

• Who is now operating in the frequency bands and where
usage is concentrated (~ pUblic safety, industrial
or land transportation users), and



• How the bands are now being used (~ system
configurations, interoperability requirements, shared
or exclusive use) .

The private land mobile spectrum to be refarmed is the most

intensely used spectrum regulated by the FCC. There are over 12

million licensed transmitters in the 150-174 MHz and 450-470 MHz

bands combined. These two bands contain a total of 24.5

megahertz of assignable spectrum, thus, about 500,000

transmitters are licensed in each one megahertz of spectrum.

This is almost 2.5 times the current loading of the cellular

spectrum!

Given this incredible utilization of spectrum, the question

is not what can be done merely to increase the number of channels

in this environment. Rather, the question is what technologies

can be offered without major disruption to existing operations.

To this end, the ingredients for successful implementation

include:

• Increasing spectrum efficiency and access for existing
and new users.

• Maintaining or improving the current standards for
coverage and grade of service.

• Providing migration paths to new technologies on a
channel-by-channel basis in order to maintain inter­
operability among users.

• Allowing sufficient time to amortize existing equipment
as well as to plan, budget, fund and implement new
systems.

• Relying on marketplace forces to choose the most
effective new technologies.
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• Providing for user-group involvement in developing
frequency usage plans for local, regional and national
coverage requirements.

As further discussed in these comments, Motorola believes

that the best means of satisfying the above criteria in the

sUbject frequency bands is a migration path to 12.5 kHz equipment

which allows using either analog or digital modulation products.

In summary, the reasons for this recommendation are as follows:

• 12.5 kHz equipment can compatibly coexist with existing
VHF and UHF systems that currently operate in these
bands.

• There is extensive experience with 12.5 kHz equipment
at 900 MHz in the U.S. and below 512 MHz in Europe and
Asia.

• Quality of service will improve because of reduced
adjacent channel interference.

• 12.5 kHz will accommodate both digital and analog
equipment. Users will be able to select between the
two technologies using traditional marketplace criteria
such as price, performance and feature/function trade­
offs.

• 12.5 kHz digital equipment will support forward and
backward compatibility with existing 25/12.5 kHz analog
equipment and future 6.25 kHz digital equipment if that
becomes the user's choice for future migration.

• 12.5 kHz analog equipment will provide a full line of
low cost communications options for current and future
users.

In short, adopting a common migration plan based on 12.5 kHz

channels for the UHF and VHF land mobile bands will increase

spectrum efficiency and provide users with a myriad of

communications options that will far surpass today's menu of

choices. Make no mistake, moving to 12.5 kHz assignments will be
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a major regulatory action that will dramatically impact the

private land mobile services. with the appropriate degree of

technical flexibility and policy changes, a 12.5 kHz channeling

plan will allow manufacturers to offer the following technologies

and products:

• 12.5 kHz digital or analog

• 12.5 kHz TDMA.

• Trunking of FDMA or TDMA channels

• 9.6 kbps or higher channel data rates to support fax,
file transfer and imaging.

• 6.25 kHz very narrow band equipment as a user option

At the same time, a 12.5 kHz plan with appropriate technical

flexibility provides both obvious and possibly less apparent

spectrum efficiency improvements, including:

• At VHF, an increase in the frequencies assignable
resulting from elimination of adjacent channel
geographic spacing requirements.

• At VHF, an increase in assignable frequencies as a
result of the transition from 15 to 12.5 kHz spaced
channel centers.

• At 450-470 MHz, an increase in the number of primary
full power channels resulting from implementation of
12.5 kHz and coordinated repacking of low power
offsets.

• At 470-512, doubling of channels resulting from channel
splitting.

• In all bands, a 6 to 1 improvement in data throughput
for those users who choose to migrate to digital FDMA,
as addressed in more detail in Section IV of these
comments.

• For those users who establish an exclusive channel
assignment through coordination, a significant increase
in loading resulting from implementation of centralized
trunking as an option.
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• Through technical flexibility, the ability to employ
multiple subchannels or time slots within a 12.5 kHz
channel.

Adoption of a 12.5 kHz channeling plan will not preclude

future use of 6.25 kHz equipment. Motorola believes that users

should be given the option of migrating to 6.25 kHz equipment if

such equipment satisfies their own applications needs without

causing interference to existing users. However, it is premature

to mandate the use of VNB equipment -- even if the Commission

provides a 10 year transition plan. The Commission should first

review the performance of VNB in a non-congested RF environment,

such as at 220 MHz, before mandating its use in heavily congested

environments at 150-174 and 450-512 MHz.

Users need the freedom to make choices based on their own

needs, now and in the future. with little operational experience

guiding the Commission, mandating VNB technology at this time

presupposes some knowledge of those future needs as well as

future technological developments. For example, one cannot say

for certain whether data transmissions will overtake the demand

for voice or that either form of communication can be provided in

very narrow bandwidths in a manner that satisfies all users

requirements. By adopting a mandatory 6.25 kHz plan today, the

Commission may be limiting users' options in the future.

Adoption of a 12.5 kHz channeling plan with technical flexibility

will allow the "marketplace ll to make the correct choice assuming

the Commission provides that freedom.
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The remainder of these comments will provide the Commission

with further information and data to support Motorola's

overarchinq positions.

ll. EXISTING ENVIRONMENT AT 150 MHz AND 450 MHz

As noted earlier, the key to successfully implementing a

refarming plan is to fully understand the technical nature of the

frequency bands under investigation as well as the makeup of the

user base relying on those bands. The frequency bands under

investigation here -- 72-76 MHZ, 150-174 MHz, 421-470 MHz, and

470-512 MHz -- are the most heavily utilized frequency bands

regulated by the FCC. Well over 12 million licensed transmitters

occupy these bands and serve many critical communications needs.

In the 150 MHz band, frequency assignments are generally

every 15 kHz with all frequencies assigned to at least one and

often mUltiple users throughout the u.s. Equipment occupies 25

kHz of bandwidth so geographic spacing is used to minimize

adjacent channel interference between adjacent 15 kHz

assignments. Operations are mostly simplex; there is no

frequency pairing for mobile relay operation except through

coordination on a local or regional basis. 2

In the UHF bands, primary channel assignments are every 25

kHz and frequencies are paired with 5 MHz or 3 MHz spacing

between transmit and receive frequencies. Complicating the

2 Mobile relay operation in the 150 MHz band is limited
to only a few radio services. See § 90.243.
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refarming matters are the 12.5 kHz low power offset assignments

between primary channels that are licensed on a secondary basis

and restricted to 2 watts transmitter power output. 3

In the VHF band, frequencies are primarily assigned to

Public Safety, Industrial and Land Transportation users with only

14 two-way frequencies assigned exclusively to the Business Radio

Service. In contrast, almost half of the frequencies in the UHF

band are assigned to the Business Radio Service. 4 All channels

below 470 MHz are available on a shared basis by multiple users.

Protection is afforded to licensees through the frequency

coordination process. s

Uses of these frequencies range from simple two or three

portable on-site radio systems to total wide area coverage

complete with simulcast operations and networks of voting

receivers to accommodate portable talkback. Major investments

have been made by users to plan and implement these wide area

infrastructures and manufacturers have developed a full line of

equipment to support these systems. Technological and

manufacturing improvements have allowed equipment prices to

decline during the past 20 to 30 years such that even the

smallest of businesses can now afford two-way communications.

Perhaps the most important characteristic of private land

mobile radio is its ability to satisfy the unique internal

3 See § 90.267 of the Commission's Rules.

4 See § 90.75 of the Commission's Rules.

S See § 90.175 of the Commission's Rules.
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communications requirements of a diverse user community

consisting of pUblic safety, pUblic service, transportation,

business and industrial organizations. Over the past forty

years, manufacturers have tailored their equipment offerings in

direct response to user needs and requirements.

For example, Motorola currently offers 35 model families and

hundreds of mobile, portable, base station and special

application products for the 150-174 MHz and 450-512 MHz bands.

within each model family, scores of different equipment models

are available, each unique in their intended band of operation,

available power levels and other major options such as secure

communications. In Appendix A, Motorola has attached several

equipment brochures which provide a complete description of the

equipment contained in each model family. The intent here is to

familiarize the FCC with the breadth of the industry's investment

in the sUbject frequency bands and to underscore the need for

manufacturers to accommodate a multitude of user requirements.

ID. ANATOMY OF A SYSTEM CHANGEOUT

When users are required to institute a changeout of their

radio equipment, whether it be driven by regulatory action such

as the proposed refarming proceeding, technical obsolescence, or

the introduction of new value added features, the user must go

through a process to accomplish the change. In this regard, it

may be useful for the Commission to understand what is required

- 8 -



when a user changes his/her system. The process, to varying

degrees, will include these steps.

1. Needs Analysis. What must the new system do that the
existing system does not? What features and functions
will benefit the organization to make it more
responsive and efficient? Can there be an increased
payback that is measurable?

2. Financial Consideration. What will a new system cost?
What are the alternatives, such as upgrading the
existing systems? Can the procurement be spread over
numerous years to minimize the financial impact? Will
it be possible to maintain interoperability with
existing equipment during the changeover?

3. Timing of Implementation. Budget Cycle - minimum of
one year for small to medium size commercial
establishments. Two plus years for government agencies
and large commercial or industrial organizations.

4. System Design and Development of Procurement Documents.
Again, these are dependent on the size of the agency or
business and the complexity of the system. The process
can be relatively simple for systems requiring limited
coverage and functionality. In complex systems the
process can take years and large expenditures of money.
Where the development of new sites is required for the
proposed new system, site development can be a long and
arduous process, especially if zoning approvals are
required. Two to three year delays are not uncommon
when one wishes to erect a tower in an urbanized or
suburban area.

5. SDectrum. What is the availability of spectrum to
support the design? Can existing spectrum be utilized?
Will additional spectrum be required? Radio traffic
analysis will help determine the number of communica­
tion links or channels required to support the expected
usage, at the desired grade of service over the
deserved coverage area.

This process can be simple for systems requ1r1ng a
limited coverage area and where spectrum availability
is adequate. In the more complex cases, such as state­
wide systems where spectrum is generally not readily
available, the process can take years and may require
significant resources.

6. Migration. Part of the plan must be migration from the
old to the new system. In the case where the new
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system will operate in a different radio frequency
band, this necessarily means replacement of all field
units and base stations. On the other hand, if the old
frequency (ies) are to be all or part of the new system,
then a different set of parameters apply, such as the
feature sets supported by the existing field units.
Going forward, other complexities will exist as a
result of the refarming effort, such as changes in
bandwidth, modulation scheme, and access method. In
the later case, new field units will have to operate on
both the new and old bandwidth and modulation schemes
during the migration period to maintain effective
communications.

As stated before, some or all of these steps must be considered

no matter why the system changeout occurs. Some steps can be

undertaken concurrently, but most require a serial approach once

the basics of funding, spectrum, and a system design are present.

The total time from inception to new system operation can easily

exceed ten years where any level of complexity is encountered.

The Commission must remember that refarming will require

users to replace usable radio systems with new equipment merely

to reduce spectrum occupancy. For private land mobile users,

however, the most important aspect of a radio system is that it

provides communications to field employees in a reliable,

efficient, timely and cost-effective manner. Therefore,

premature system changeouts based solely on regulatory mandates

are viewed as a waste of resources. 6

6 Also, for state and local
system retired by one department is
other departments who may have been
communications.
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The most significant action to occur in the private land

mobile services below 512 MHz will be the introduction and

proliferation of digital technology radios. Digital will change

the functionality that users expect from land mobile systems and

will provide users with significant improvements in the quality

of service they receive.

The primary catalyst in the digital conversion is the user

community who persistently demand better solutions and enhanced

communications to improve the performance of their core business

operations. Users realize that effective radio communications

creates expanded business opportunities through increased

productivity and efficiency. Only through the increased

performance capabilities of digital technology will manufacturers

be able to satisfy the refined communications demands of the user

community.

Sophisticated user groups recognize the promise of digital.

APCO's Project-25 committee has been working for almost three

years to develop a standard for digital pUblic safety radio

systems. Also, the National Communications Systems Agency has a

similar effort in place to develop digital standards for Federal

Government land mobile users. Together these two groups have

been working actively on the definition of an open architecture

standard to allow interoperability of digital radios and to

provide users with multiple sources in the marketplace. Motorola
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fUlly supports efforts to develop digital standards and believes

that a common air interface is necessary to realize the benefits

of digital technology.

From a technology perspective there are several key

developments which have come together to allow us to move into

the



Motorola's Vector Sum Excited Linear Predictive (VSELP) encoder

can recreate voice information with a very high degree of

accuracy with only 4.8 kbps of digital information. This is 92

percent less than the original pulse code modulation techniques

and easily fits into today's channels.

There are several general types of ~igital access systems:

FOMA, TOMA, and COMA. FOMA systems split RF channels into

smaller channels, each of which can be utilized by independent

users. TDMA systems split channels into a series of repeating

time slots. Each slot can be utilized by a different user. CDMA

systems overlay multiple users on large blocks of spectrum. This

method uses very wide bandwidth transmission and heavily coded

digital information. Of these access systems, the FDMA and TDMA

systems are best suited for private land mobile systems and

services.

Motorola is one of the few manufacturers that offers both

FDMA and TDMA systems for use in the private land mobile

services. Recently, Motorola introduced the ASTRO FDMA system as

well as the MIRS TDMA system. Each of these systems addresses

different types of user requirements as further discussed below.

The ASTRO Digital system operates in the VHF, UHF, and 800

MHz bands. The ASTRO system design and performance are focused

on the enhanced features and capabilities required by private

system users. ASTRO provides 12.5 kHz as well as 25 kHz

channels. ASTRO is well suited for use in congested frequency

bands where shared use of channels and overlapping system
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interference are realities. Further, ASTRO can be used in both

conventional and trunked system configurations.

The MIRS digital system will see its initial deployment in

1993 when it is installed in Fleet Call's Los Angeles ESMR

system. MIRS is designed for high density systems, providing at

least a six-fold increase in efficiency. In practice, MIRS

focuses on maximizing the number of field units and offers

dispatch and interconnected telephone-style features.

The impact of digital radio is seen in several key areas:

voice quality, signaling and control data capacity, the

integration of voice and data, encryption, spectrum efficiency,

and facilitating the migration from analog to digital systems.

In terms of audio quality, the new generation of vocoders can

provide audio quality comparable, or better, to analog voice.

This is because, in the analog world, interference added to the

radio signal cannot be extracted from the recovered audio. with

digital systems, however, error correction protocols can

recognize and correct interfering signals in the digital bit

stream. Existing protocols now allow usable audio to be

recovered even if 10 percent of the original information has been

corrupted.

Digital voice quality will remain more consistent throughout

the service area as opposed to analog, which tends to degrade

with distance. To users in the field, digital voice means good

audio quality over a larger portion of the coverage area, fewer
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missed messages, and fewer repeated messages. This translates to

greater efficiency.

Another area where digital systems will have a huge impact

on land mobile communications is signaling and control. Today's

analog systems allow only limited continuous signaling capacity

along with voice messages by utilizing subaudible signaling which

can provide at most, 150 bits per second of capacity. Such

signaling can effectively provide repeater access and group

partitioning.

In the digital world, compressed digital voice and the

higher capacity digital modulation methods will allow

manufacturers to allow significantly more signaling and control

information with the digital voice message. Motorola's existing

digital equipment allows up to 2.7 kb/s to be transmitted with

voice which is a capacity increase of eighteen times over analog.

To the radio user in the field, embedded signaling means more

system functionality, higher reliability, and no truncation of

voice messages.

In a digital system, immediately after the Push To Talk

button is pressed, the radio sends initial signaling. These

signals include all information needed to access the system and

to provide synchronization. It also includes user information

such as source ID's, destination/group ID's, system ro's,

repeater access codes, encryption sync and other message type

information.
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After the initial signaling burst, the radio begins sending

frames of digital voice. Embedded between these voice frames is

a continuous series of signaling bursts. All of the signaling

information is repeated approximately every 1/3 second, to

facilitate late entry and fast re-access. To the field user,

this means fast reliable access to not only the system, but also

to important signaling information. Even if a user were to pass

through a tunnel during the original signaling burst, or if

he/she turned on the radio in the middle of a transmission, the

radio would quickly and automatically establish the link,

typically in less than 360 msec after acquiring the RF signal.

Embedded signaling will prove to be an immensely powerful

tool to the land mobile community. For example, embedded

signaling can eliminate the voice truncation which could have

previously resulted from either ID signaling or encryption

synchronization preambles. unit ID information is sent

continuously as part of the embedded information. This means

that the risk of lost ID's is eliminated. Furthermore, received

IO information is available for display on all field units, as

well as at operation center consoles. All users will know which

unit is talking, even if the speaker does not identify itself.

All Motorola digital radios have several IO's. Selective

calling of individual radios or groups of radios are now easily

implemented. All keypad equipped radios are capable of sending

and receiving digitally addressed selective calls. And all of

the signaling is accomplished without creating noise bursts in
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speakers of other radios; in other words, enhanced features with

fewer distractions for field personnel.

One of the other advantages that embedded signaling brings

to digital systems is an effective method of intermixing voice

and data users on the same channel, thereby improving efficiency

and operational logistics. with embedded digital signaling,

digital radios now provide the equivalent of "busy bits" on both

voice and data messages which will remedy the issue of collisions

between the dissimilar services.

The new digital modulations and systems optimized for the

transmission of digital information will redefine how the land

mobile industry views data transmissions. Most of the current

analog data systems transmit 4.8 kilobits per second on the 25

kHz channel. Of this, approximately 2.4 kilobits per second is

user data and the remainder is error correction coding. In new

digital systems we will see user data rates of up to 7.2 kilobits

per second, with an additional 2.4 kilobits of error correction

information added by the radio to ensure data integrity; all in a

12.5 kHz channel. This represents 3 times as much data

throughput transmitted in one half the channel space; or 6 times

the efficiency for an equivalent amount of spectrum.

Perhaps the most important aspect of implementing digital

technology is the opportunity to move to more spectrum efficient

systems with increased functionality for the user. As the

Commission looks to more spectral efficient digital technologies,

however, it is important to look for technologies that can
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